ERK phosphorylation predicts synergism between gemcitabine and the epidermal growth factor receptor inhibitor AG1478.
Clinical trials combining epidermal growth factor receptor (EGFR) inhibitors with gemcitabine-based chemotherapy in non-small cell lung cancer (NSCLC) have not produced a survival advantage. This may be caused by antagonism between the two drugs or mutations that promote such, possibly RAS mutation. Furthermore, ERK, a critical growth regulator downstream of RAS, may play a role. This study aimed to explore the relationship between ERK, synergy/antagonism and cell cycle arrest in combination treatment. A549 (mutant KRAS), H322 (wildtype KRAS) and siRNA-mediated KRAS knockdown A549 were treated with gemcitabine and/or the EGFR inhibitor AG1478 and analyzed with median effect analysis. Cell cycle distribution and ERK phosphorylation were assessed using flow cytometry and ELISA, respectively. Effect on cytotoxicity after ERK inhibition by U0126 was also assessed. Cytotoxic interaction was dose dependent with antagonism at high dose AG1478. G1 arrest was observed with both high dose AG1478 and high dose gemcitabine and therefore was inconsistently associated with antagonism. Furthermore, ERK phosphorylation was increased by gemcitabine and its suppression by AG1478 was related to antagonism particularly in H322. ERK's effect in antagonism was further confirmed by using U0126. Greater antagonism was observed in the KRAS mutant cell line and KRAS knockdown by siRNA resulted in increased sensitivity to AG1478 as well as combination treatment. Our findings are consistent with a model in which ERK phosphorylation favors synergy and the outcome depends on the balance between gemcitabine-induced and AG1478-inhibited ERK phosphorylation. KRAS mutation confers resistance to AG1478 as well as combination treatment.